Abstract
INTRODUCTION
Despite its successes, quantum mechanics (QM) has remained mysterious to all who have encountered it. Starting with Bohr and progressing into the present, the departure from intuitive, physical reality has widened. The connection between QM and reality is more than just a "philosophical" issue. It reveals that QM is not a correct or complete theory of the physical world and that inescapable internal inconsistencies and incongruities with physical observation arise when attempts are made to treat it as a physical as opposed to a purely mathematical "tool." Some of these issues have been discussed previously (1) (2) (3) (4) (5) and in a review by Laloë. (6) The nature of the chemical bond provides a further physical problem to critically test whether QM actually represents reality. That is, does the result given by QM do more than reproduce an experimental number such as the bond energy of a molecule? Rather, is the result actually an accurate physical model of the molecule such as the simplest, hydrogen? A critical view with an open mind to rational new ideas is necessary for progress. Such an approach is taken in this paper.
The Hamiltonian for the hydrogen molecule is 
where M is the mass of the hydrogen nucleus, m is the electronic mass, Z is the atomic number of the nucleus (Z = 1 for hydrogen), ∇ A 2 and ∇ B 2 are the Laplacian operators with respect to the positions of nuclei A and B, ∇ 1 2 and ∇ 2 2 are the Laplacian operators for the positions of electrons 1 and 2, and the distances between the point charges are illustrated in Fig. 1 . In the standard Born-Oppenheimer approximation, the nuclear motion and therefore the terms involving ∇ A 2 and ∇ B 2 are neglected. The rationale is based on the much larger mass of the nuclei compared to the electrons, but this procedure is internally inconsistent given that the bond energy is obtained by subtracting a relatively large sort of perpetualnuclear-motion term called zero-order or zero-point vibration (ZPV). (7, 8) The corresponding range of the time-dependent displacement of the nuclei corresponding to the ZPV is also nonnegligible. 1 Other cases that show that the Born-Oppenheimer approximation is invalid have been discussed previously. (9) As discussed below, D e is a parameter that is related to the bond energy by the postulated ZPV energy. Arriving at D e independently of the vibrational energy when the molecule supposedly cannot exist in a nonzero vibrational state is internally inconsistent since vibration and bond energies are interdependent. When a molecule vibrates, the nuclei move. In the case of hydrogen in the postulated zero-point state, the amplitude of the harmonic motion is about 5% of that of the internuclear distance, which is significant. Thus all of the terms of the bond-energy equation must be time dynamic. That is, the electron-electron, electron-proton, and proton-proton electric and magnetic interactions and kinetic energies must be time dependent, but are not. D e is determined under static conditions, and vibration is treated separately and grafted on in an ad hoc manner. Spin is also grafted on in an ad hoc manner. Physics such as radiation according to Maxwell's equations must be considered, but is neglected.
It is taught that "one of the great early achievements of quantum mechanics was a description of the chemical bond by Heitler and London in 1927 … the existence of the chemical bond is a quantum mechanical effect." (10) The method of Heitler and London is known as the valence-bond method. Spin is ignored in the solution of (1) in the Heitler and London and other subsequently postulated methods. The phenomenon of spin is ad hoc grafted onto the so-called spatial solution of (1) , where the spin functions are simply postulated as (1) (2), 
where α and β are defined as opposites of the possibilities of ±1/2 based presumably on the atomic hydrogen result of Dirac. But (1) is not relativistically invariant, and Dirac's result for spin is nonphysical and has many intrinsic problems. 2 No physical spin solution is attempted, and the corresponding electronelectron spin-pairing energy is neglected. This is experimentally unjustified when the isoelectronic hydride ion is considered. Here, since the hydrogen atom is electroneutral, the only force causing the second electron to bind to form the hydride ion is the magnetic interaction between the two electrons. The resulting binding energy is relatively high. The experimental value given by Lykke (13) is 6082.99 ± 0.15 cm -1 (0.754 18 eV). And, since the dimensions of the former are smaller, a greater interaction energy is expected.
Continuing with the method of Heitler and London, two hydrogen atoms are considered, each with its "own" electron, with the hydrogen atoms in the ground state and sufficiently far apart such that the wave-function for the two hydrogen atoms is 1 A B 1s (1)1s (2),
where 1s A denotes a 1s orbital centered on nucleus A (nucleus A serves as the origin of the spherical coordinate system in which the 1s orbital is expressed). Similarly, 1s B denotes the same thing, but with nucleus B serving as the origin. The wavefunction 
with variable parameters c 1 and c 2 is taken as a trial function. The postulate that the two electrons are indistinguishable, justifying a linear combination wave-function such as that given by (5) , gives rise to a negative energy term from (1) . It gives rise to a socalled exchange integral touted as strictly a quantummechanical phenomenon that arises when the electrons are interchanged between the two nuclei. Although physically impossible, the exchange integral implies that each point electron as a "probabilitywave cloud" is in two places at once -centered on nucleus A and nucleus B simultaneously. The exchange integral is the sole basis of the stability of the chemical bond in H 2 according to QM. From a physical perspective, it is true that the equivalence of the two electrons makes the interchange given by (3)-(4) inconsequential and trivial, but it does not justify (5) .
The linear combination provides that two physical systems of the same particles exist simultaneously -a "spooky action" phenomenon that violates Einstein causality. Mathematically this allows for the bond energy and other measured numbers to be reproduced. But is this approach physics, and does the result represent reality -specifically the hydrogen molecule?
The solution of the valence bond method gives a calculated energy of 3.15 eV compared to the experimental bond energy of 4.478 eV (10) -a difference of 42%. Additionally, one would expect that the removal of one electron from the wave-function of the H 2 solution would give the resulting wave-function for H 2 + , but the approach fails. (10) The appeal of a non-physical approach is that any number may be reproduced to greater refinement, even as more accurate data are obtained, simply by adding more parameters, corrections, and mathematical algorithms. For example, to give solutions that match the experimental data of the total energy, bond energy, ionization energy, vibrational energy, internuclear distance, etc., many methods have been postulated that cannot represent reality. In Table 9 -1, McQuarrie (10) presents 13 different methods for the calculation of the parameters of the hydrogen molecule. None are rigorous, physical, unique, and internally consistent, and the methods are themselves internally inconsistent and often contradictory. The number of terms in the wavefunctions span 2 to 100 and all involve mixing the wave-functions as given in (3)- (5) with variable parameters. Exemplary algorithms include valence bond, valence bond plus ionic terms, molecular orbital (MO) theory, MO with configuration interaction, self-consistent field method, SCF-LCAO-MO, Hartree-Fock, valence-shell electron-pair-repulsion (VSEPR) method, etc. In all of these and other such approaches, there is total disregard to conservation of energy and momentum, as well as stability to radiation according to Maxwell's equations. The approaches involve an inconsistent plethora of invented wave-functions and terms -Slater orbitals, ionic terms, MOs with sigma bonds, pi bonds, delta bonds, banana bonds, bonding orbitals, antibonding orbitals (negative probability density as well as positive probability density), back-bonding orbitals (empty space), and overlap, Coulomb, and exchange integrals -all with intractable infinities. Ad hoc, inconsistent types of adjustable parameters such as effective nuclear charge, ionic character, correlation interactions, and arbitrary renormalization procedures to remove infinities are introduced to force the calculations to match observations.
The results for the bond energy of the hydrogen molecule given in Table 9 -1 of McQuarrie (10) range from the MO-derived 2.7 eV given by Coulson, (14) which is off by 66%, to 4.7467 eV given by Kolos and Wolniewicz (15) with discrepancies typically of the order of 20% of the experimental result. The natural molecular-hydrogen coordinate system based on symmetry is elliptic coordinates. James and Coolidge (10, 16) introduced a spatially symmetrical trial function of the form 
where ρ = r 12 /r AB and α and the c mnjkp 's are variational parameters. Using 13 terms, James and Coolidge arrived at E dissociation = 4.72 eV and the internuclear distance R min = 0.074 nm. Textbooks such as McQuarrie claim, "the calculation of James and Coolidge represents one of the great early achievements of quantum mechanics as applied to chemistry," (10) and the result of Kolos and Wolniewicz using (6) (10) is presented as even more spectacular. However, upon critical review of the details, this celebration may be judged unwarranted.
The remarkable level of precision given by the calculations of Kolos and Wolniewicz is extraordinarily dubious considering the use of such approximations as the adiabatic approximation, due to Born, in which nuclear and electronic motion are separated in order to facilitate calculations. More importantly, the integrals for interelectronic interactions (i.e., integrals over 1/|r 1 -r 2 |), which had to be numerically evaluated, blow up to infinity, and any procedure to remove the infinities is purely arbitrary and not based on first-principle physics. Neither the model of Kolos and Wolniewicz nor any of the 13 models given in Table 9 -1 can actually be the correct, unique, physical solution representative of the hydrogen molecule.
Kolos and Wolniewicz (10, 15) used 100 "terms" and an effective nuclear charge of 1.072 to calculate the bond energy of H 2 . The effective nuclear charge is an ad hoc adjustable parameter used to artificially force agreement with the experiment result. The charge of the nucleus is +1.602 189 2 × 10 -19 C -not 1.072 times this value. The arbitrariness of this fudge factor is demonstrated by the entries in Table 9 -1. For example, Coulson (14) gives an effective nuclear charge of 1.197 , whereas Wang (17) uses 1.116. The Kolos and Wolniewicz result is further dubious in that the effective nuclear charge of 1.072 times the fundamental charge is given to four significant figures, whereas the total energy of 1.174 475 hartree is given to seven significant figures -three orders of magnitude greater precision than that of the artificial charge used in the calculations.
A physical rationalization for the adjustable parameter, effective nuclear charge, is that each electron mutually shields the nuclear charge from the other. But this argument is internally inconsistent. In quantum theory, electron shielding or self-interaction of the electron cloud is ignored in cases involving one electron such as H and H 2 + , but electron-electron repulsion terms as well as shielding are considered in multielectron problems such as H 2 , even though the charge densities occupy the same space whether there is one or more electrons -the only difference is the magnitude. The electron spread over all space must interact with itself since Gauss's law applied to the volumetric charge density gives rise to a radial electric field from the positions zero to infinity. Consequently, there is the inescapable problem that the electron cloud is unstable, not to mention the nonphysical nature of the infinities in the electric and magnetic fields of the point electron manifested as a probability cloud distribution. Specifically, each electron charge cloud with a finite radial distribution must give rise to a self-repulsive energy given by Purcell (18) 
\ Since (1) does not include the self-interaction in the Hamiltonian, its solution for the energy of the hydrogen molecule is not internally consistent or correct. Kolos and Wolniewicz, using (1) without including (7), computed a bond energy of 4.7466 and 4.743 67 eV compared to the experimental value of 4.7466 ± 0.007 eV -nearly perfect. The problem is that the experimental bond energy of H 2 is not 4.7466 ± 0.007 eV; rather, it is E D = 4.478 eV. (19) The result is only nearly perfect of a number that is not the experimental bond energy. The explanation is that the theoretical result of 4.743 67 eV corresponds to D e , not D 0 , where the so-called equilibrium dissociation energy D e is defined by the difference between the minimum energy and the energy as r AB → ∞ on a Morse function or Morse potential. The bond-dissociation energy D 0 at 0°K is given by the difference between D e and a postulated ZPV energy E 0 . In the standard quantum formulation, a molecule in the ground vibrational state has ZPV energy E 0 : (8) 
The ZPV is another nonphysical phenomenon that is unique to QM. Quoting McQuarrie, (7) "Note also that the energy of the ground state, the state with n = 0, is hν/2 and is not zero as the classical energy is. This is called the zero-point energy of the harmonic oscillator and is a direct result of the Uncertainty Principle." Under critical scrutiny this is nonsensical. There is no ZPV. It is not directly experimentally observed and recent experiments disprove it.
Vibrational theory is grafted onto the electronic solution, and the algorithm involves solving a harmonic oscillator wave equation. (7, 8) The result that the lowest vibrational energy state is exactly hν/2 rather than exactly zero as a direct consequence of the Heisenberg uncertainty principle (HUP) is nonsensical given that the HUP was not used in the derivation of the Hermite polynomial wave-function solutions. (7, 8) The result of predicting ZPV is incorrect. In other words, the lowest state does not come out to be zero as it should. It is after all zero in the case of rotation and translation. Remarkably, as shown in Table 9 -1 of McQuarrie, (10) Kolos and Wolniewicz, for example, did not even report a vibrational energy that is experimentally E vib = 0.515 902 eV (20, 21) (over 10% of the bond energy). This makes any reported bond-energy prediction to six or seven significant figures very dubious.
The bond energy is real and experimentally measurable, but the ZPV and the anharmonicity in the ZPV terms are fictitious, nonphysical terms that cannot be, nor have they ever been, directly experimentally observed or measured. Collisions cause hot molecules to lose energy to cold surroundings. Thus any molecular ion or molecule ultimately will undergo a transition to the zero vibration energy state as it is cooled. Thus the thermal energy of the species will be in equilibrium with the ambient temperature over all temperatures, including the case where the ambient temperature approaches absolute zero. This is true, except in the case of QM. QM predicts that any bond must always have vibration energy even at absolute zero. This zero-point energy (7, 8) is analogous to the zero-point energy of a perfect vacuum. The latter is also a direct result of the HUP. In the former case, the energy of a harmonic oscillator may be written in the form p 2 /(2µ) + kx 2 /2, from which it is obvious that a zero value for the energy would require that both p and x or, more precisely, the expectation values of 2 P and 2 X , be simultaneously zero, in violation of the HUP. This result is independent of the act of measuring the system, and it is counter to classical principles and unique to QM. 3 ZPV is associated with the wave-particle duality nature of atomic systems as a consequence of the HUP. The HUP is thought to be an essential aspect of nature, (4) but Durr et al. (22) have found a way around it, and the HUP was demonstrated experimentally to fail in a test of its long-touted basis of the waveparticle duality. (2, 4) According to Gerhard Rempe, (23) who led the Durr et al. experimental team, "The Heisenberg uncertainty principle has nothing to do with wave-particle duality." Durr et al. report, (22) "We show that the back action onto the atomic momentum implied by Heisenberg's position-momentum uncertainty relation cannot explain the loss of interference." The experimental results of Durr et al. of the diffraction pattern of 85 Rb atoms scattering from standing light waves where the internal states were manipulated by microwaves are predicted classically.
(24) Other data with far-fetched interpretations based on the HUP, such as the existence of the same 9 Be + ion in two places at once, supercurrents flowing in opposite directions at once, and spooky actions at a distance, are also explained by first-principle laws that demonstrate that the HUP is not a physical principle.
(24) Rather, it is a misinterpretation of applying the Schwartz inequality to the wave-function interpreted as a probability wave. (4, 25) Both the zero-point energy of the vacuum and ZPV are inconsistent with experimentation. In a paper by Mills (2) the former case is dismissed as implausible based on physics and experiments. In the latter case, the formation of solid hydrogen disproves it. The existence of Bose-Einstein condensates of molecules also experimentally disproves it. (26) Molecules are shown experimentally not to possess vibrational energy when laser cooled to near absolute zero since no corresponding Doppler shift of the cooling photons is observed. (26) Furthermore, ZPV violates the second law of thermodynamics by requiring that a species with at least several hundredths of an electron volt of energy be in thermodynamic equilibrium with an ambient temperature of 100 nK (10 -11 eV). (26) Another problem with the quantum model is that the proton may extend beyond the potential well. (7, 8) And the solutions are not a function of time; thus the time-harmonic motion required to couple to the electromagnetic field is not predicted. It can be demonstrated that the resonance condition between these frequencies is to be satisfied in order to have a net change of the energy field. (27) In the quantummechanical case, the correspondence principle does not hold. Also, ZPV required by the HUP violates Maxwell's equations, which require that the oscillating nuclear charges radiate, as shown by Haus. (28) Upon critical consideration of "one of the great early achievements of quantum mechanics,"
it could be argued that any result could be reproduced with the allowance of (1) total neglect of physical principles such as conservation of energy and momentum, as well as stability to radiation according to Maxwell's equations, (2) setting up the problem so that multiple physical systems of the same fundamental particles can exist simultaneously, (3) neglect of, or arbitrary handling of, the point-particle infinities, (4) the existence of the point electrons everywhere at once with the absence of self-interaction, (5) the treatment of interdependent phenomena such as bond energy, spin, and the time dependence of vibration as independent, (6) nonunique solutions obtained from an infinite number of postulated wave-functions using nonstandard methods, (7) an unlimited number of variational parameters (100 in the Kolos and Wolniewicz case) and adjustable parameters such as an effective nuclear charge (+1.072 in the Kolos and Wolniewicz case), and (8) the existence of phenomena such as ZPV that cannot be directly experimentally measured. The procedures to arrive at the parameters of molecular hydrogen could better be categorized as a number of curve-fitting algorithms rather than physics. In fact, the state of the art can be considered a plurality of curve-fitting approaches. Popular computer programs such as ZINDO, CIS INDO, INDO CI, AM1, AM1/D, PM3, and G3 use very large basis sets of successful wave-functions with curve-fit parameters and adjustable parameters to interpolate to additional molecules. (29) (30) (31) (32) Success improves reiteratively with further development of the basis sets derived from curve fitting to many cases, but typically the theoretical predictions are only qualitative. (33) (34) (35) (36) Similarly, the successive theory of vibration-rotational spectroscopy is essentially curve fitting upon the assumption of ZPV, where a series of parameters such as D e and E 0 in (8) are fit to the observed spectra. How is it possible to give highprecision constants in standard tables (37, 38) as the experimental values of something that does not exist and cannot be measured? How can a precise theory of spectroscopy (8) be built upon this unsubstantiated assumption? How can results of unmeasurable parameters such as D e and E 0 in (8) be represented as having any basis in reality with regard to the hydrogen molecule?
QM gives correlations with experimental data. It does not explain the mechanism for the observed data. But it should not be surprising that it gives good correlations given that the constraints of internal consistency and conformance to physical laws are removed for a wave equation with an infinite number of solutions, where the solutions may be formulated as an infinite series of eigenfunctions with variable parameters. There are no physical constraints on the parameters. They may even correspond to unobservables such as virtual particles, hyperdimensions, effective nuclear charge, polarization of the vacuum, spooky action at a distance, infinities, etc. If the constraints of internal consistency and conformance to physical laws are invoked, QM has never successfully solved a physical problem.
Throughout the history of quantum theory, wherever there was an advance to a new application, it was necessary to repeat a trial-and-error experimentation to find which method of calculation gave the right answers. Often the textbooks present only the successful procedure as if it followed from first principles and do not mention the actual method by which it was found. In electromagnetic theory based on Maxwell's equations one deduces the computational algorithm from the general principles. In quantum theory the logic is just the opposite. One chooses the principle to fit the empirically successful algorithm. For example, it is known that it required a great deal of art and tact over decades of effort to get correct predictions out of quantum electrodynamics (QED). For the right experimental numbers to emerge, one must do the calculation (i.e., subtract off the infinities) in one particular way and not in some other way that appears in principle equally valid. There is a corollary, noted by Kallen: from an inconsistent theory, any result may be derived. The same criticism can be applied to the nature of the chemical bond according to QM.
The QM theory of the chemical bond relies on atomic wave-functions. The hydrogen atom is the only real problem for which the Schrödinger equation can be solved without approximations; however, it only provides three quantum numbers -not fourand inescapable disagreements between observation and predictions arise from the later-postulated Dirac equation as well as the Schrödinger equation. (1) (2) (3) (4) (5) (6) Furthermore, unlike physical laws such as Maxwell's equations, it is always disconcerting to those who study QM that the particle-wave equation and the intrinsic HUP must be accepted without any underlying physical basis for fundamental observables such as the stability of the hydrogen atom or molecule in the first place. In the former instance a circular argument regarding definitions for parameters in the wave equation solutions and the Rydberg series of spectral lines replaces a first-principles-based prediction of those lines. It was shown previously (4, 6) that the quantum theories of Bohr, Schrödinger, and Dirac provide no intrinsic stability of the hydrogen atom based on physics and that this issue brings to light the many inconsistencies and shortcomings of QM and the intrinsic HUP that have not been reconciled from the days of their inception. The issue of stability to radiation needs to be resolved, and the solution may eliminate some of the mysteries and intrinsic problems of QM as discussed previously.
( [1] [2] [3] [4] [5] [6] The basis of the many shortcomings of QM, such as self-interaction, radiation, and also infinities, lies with the definition of the electron as a point-particleprobability wave that exists over all space at the same time. In order to be consistent with neutral scattering results, it has an infinite number of positions and energies simultaneously! It accelerates; thus it must radiate. It violates physical laws; thus it is not a viable physical theory; consequently, it is not predictive. If QM is not predictive, its usefulness is compromised. For example, in a letter to the Editor of Chemical and Engineering News, Allan Weinstein writes, (39) "as was remarked by more than one chemist in these pages over the past two or three decades, literally man-centuries of work have been wasted trying to synthesize compounds that the quantum theory unequivocally states should be stable, only to find that the compounds do not exist in any form whatsoever." He expresses the view held by many, including the founders of QM, that it is not a correct or a complete theory, it is not a physical theory, it is not representative of reality -rather it has "culminated in what is simply solipsistic nihilism -nothing can exist except what I want to exist," and a classical approach warrants consideration.
CLASSICAL APPROACH TO THE NATURE OF THE CHEMICAL BOND 2.1 Nonradiation Boundary Condition
In an attempt to provide some physical insight into atomic problems, starting with the same essential physics as Bohr of e -moving in the Coulombic field of the proton and the wave equation as an equation of motion rather than energy after Schrödinger, a classical approach was explored that yields a model that is remarkably accurate. (1) (2) (3) (4) (5) 40) The proverbial view deeply seated in the wave-particle duality notion that there is no large-scale physical counterpart to the nature of the electron may not be correct. Physical laws and intuition may be restored when dealing with the wave equation and quantum-mechanical problems. Specifically, a theory of classical quantum mechanics (CQM) was derived from first principles that successfully applies physical laws on all scales. With Maxwell's equations, the classical wave equation is solved with the constraint that the bound n = 1 state electron cannot radiate energy. It was found that quantum phenomena were predicted with accuracy within the fundamental constants in closed-form equations that contained fundamental constants only. In this paper the hydrogen-isotope molecular ions and molecules are solved in the same manner.
One-electron atoms include the hydrogen atom, He + , Li 2+ , Be 3+ , and so on. The mass-energy and angular momentum of the electron are constant; this requires that the equation of motion of the electron be temporally and spatially harmonic. Thus the classical wave equation applies and
where ρ(r, θ, φ, t) is the time-dependent chargedensity function of the electron in time and space. In general, the wave equation has an infinite number of solutions. To arrive at the solution that represents the electron, a suitable boundary condition must be imposed. It is well known from experiments that each single atomic electron of a given isotope radiates to the same stable state. Thus the physical boundary condition of nonradiation of the bound electron was imposed on the solution of the wave equation for the time-dependent charge-density function of the electron. (1) (2) (3) (4) (5) The condition for radiation by a moving point charge given by Haus (28) is that its space-time Fourier transform possesses components that are synchronous with waves traveling at the speed of light. Conversely, it is proposed that the condition for nonradiation by an ensemble of moving point charges that makes up a current-density function is as follows: There is no a priori reason why the electron must be a solution of the three-dimensional wave equation plus time and cannot obey a two-dimensional wave equation plus time. Furthermore, in addition to the important result of stability to radiation, several more very important physical results are subsequently realized: (1) The charge is distributed on a twodimensional surface; thus there are no infinities in the corresponding fields. Infinite fields are simply renormalized in the case of the point-particles of QM, but it is gratifying physically that none arise in this case since infinite fields have never been measured or realized in the laboratory. ( 2) The hydrogen molecular ion or molecule has finite dimensions rather than extending over all space. From measurements of the resistivity of hydrogen as a function of pressure, the finite dimensions of the hydrogen molecule are evident in the plateau of the resistivity versus pressure curve of metallic hydrogen. (42) This contradicts the predictions of quantum probability functions such as an exponential radial distribution in space. (3) Consistent with experiments, neutral scattering is predicted without violation of special relativity and causality that arises in the QM case where a point electron must be everywhere at once. (4) There is no electron selfinteraction. The continuous charge-density function is a two-dimensional equipotential energy surface with an electric field that is strictly normal for the ellipsoidal parameter ξ > 0 (see Section 3) according to Gauss's law and Faraday's law. The relationship between the electric field equation and the electron source charge-density function is given by Maxwell's equation in two dimensions: (43, 44) 
where n is the normal unit vector, E 1 = 0 (E 1 is the electric field inside the MO), E 2 is the electric field outside the MO, and σ is the surface charge density.
This relation shows that only a two-dimensional geometry meets the criterion for a fundamental particle. This is the nonsingularity geometry, which is no longer divisible. It is the dimension from which it is not possible to lower dimensionality. In this case, there is no electrostatic self-interaction since the corresponding potential is continuous across the surface according to Faraday's law in the electrostatic limit, and the field is discontinuous, normal to the charge, according to Gauss's law. (43) (44) (45) (5) The instability of electron-electron repulsion of molecular hydrogen is eliminated since the central field of the hydrogen molecular ion relative to a second electron at ξ > 0 that binds to form the hydrogen molecule is that of a single charge at the foci. (6) The ellipsoidal MOs allow exact spin-pairing over all time, which is consistent with experimental observation. This aspect is not possible in the QM model. (7) The ellipsoidal MOs allow for the basis of excited states as fully Maxwellian compliant resonator mode excitations and for the ionization of the electron as a plane wave with the of angular momentum conserved corresponding to the de Broglie wavelength. Physical predictions match the wave-particle duality nature of the free electron, as shown in the Electron in Free Space section of Ref. 5 .
As with any model, the proving ground is experimental data and also the ability to predict new results. The Maxwellian solutions are unique -not an infinite number of arbitrary results from corresponding inconsistent algorithms, wave-functions, and variational and adjustable parameters, as is the case with QM. It is found that CQM based on Maxwell's equations gives the bond energy and other parameters associated with the nature of the chemical bond in closed-form equations containing fundamental constants without a plethora of fudge factors (e.g., the value used for the nuclear charge is the fundamental constant e = +1.602 189 2 × 10 -19 C). The complications of prior approaches based on (1) with pointparticle-probability-density wave-functions such as the required exchange integral and ZPV, which does not experimentally exist, are eliminated. It is shown that there is remarkable agreement between predictions and the experimental observations, and the results are physically intuitive in contrast to the "phenomena that are unique to quantum mechanics." (7, 8, 10) Furthermore, the theory is predictive and the predictions match recent experimental results as discussed below and in Section 2.
Excited States and the Possibility of Lower-
Energy States Consider the excited states of the hydrogen atom. The central field of the proton corresponds to integer one charge. Excited states comprise an electron with a trapped photon. In all energy states of hydrogen the photon has an electric field that superposes with the field of the proton. In the n = 1 state the sum is one, and the sum is zero in the ionized state. In an excited state the sum is a fraction of one (i.e., between zero and one). Derivations from first principles given in Ref. 5 demonstrate that each "allowed" fraction corresponding to an excited state is 1/integer. The relationship between the electric field equation and the "trapped photon" source charge-density function is given by Maxwell's equation in two dimensions. The result is given by (12) , where n is the radial normal unit vector, E 1 = 0 (E 1 is the electric field outside the electron), E 2 is given by the total electric field at r n = na H , and σ is the surface charge density.
The electric field of an excited state is fractional; therefore the source charge function is fractional. It is well known that fractional charge is not "allowed." The reason is that fractional charge typically corresponds to a radiative current-density function. The excited states of the hydrogen atom are examples. They are radiative; consequently, they are not stable, as shown in Ref. 5 . Thus an excited electron decays to the first nonradiative state corresponding to an integer field, n = 1 (i.e., a field of integer one times the central field of the proton). Equally valid from first principles are electronic states, where the magnitude of the sum of the electric field of the photon and the proton central field are an integer greater than one times the central field of the proton. These states are nonradiative. A catalyst can effect a transition between these states via a nonradiative energy transfer. (5) J.R. Rydberg showed that all of the spectral lines of atomic hydrogen were given by a completely empirical relationship:
where R = 109 677 cm -1 , n f = 1, 2, 3, …, n i = 2, 3, 4, …, and n i > n f . Bohr, Schrödinger, and Heisenberg each developed a theory for atomic hydrogen that gave the energy levels in agreement with Rydberg's equation : 2 2 2 13.598
The excited energy states of atomic hydrogen are given by (14a) for n > 1 in (14b). The n = 1 state is the "ground" state for "pure" photon transitions (i.e., the n = 1 state can absorb a photon and go to an excited electronic state, but it cannot release a photon and go to a lower-energy electronic state). However, an electron transition from the ground state to a lower-energy state may be possible by a resonant nonradiative energy transfer such as multipole coupling or a resonant collision mechanism. Processes such as hydrogen molecular bond formation that occur without photons and that require collisions are common. (46) Also, some commercial phosphors are based on resonant nonradiative energy transfer involving multipole coupling. (47) It is proposed that atomic hydrogen may undergo a catalytic reaction with certain atoms, excimers, and ions, which provide a reaction with a net enthalpy of an integer multiple of the potential energy of atomic hydrogen, m ⋅ 27.2 eV, where m is an integer. The ionization energy of He + to He 2+ is equal to two times the potential energy of atomic hydrogen.
(48) Thus this reaction fulfills the catalyst criterion -a chemical or physical process with an enthalpy change equal to an integer multiple of 27.2 eV. The theory and supporting data were given previously. (5, The reaction involves a nonradiative energy transfer to form a hydrogen atom, lower in energy than unreacted atomic hydrogen, that corresponds to a fractional principal quantum number. That is,
replaces the well-known parameter n = integer in the Rydberg equation for hydrogen excited states. The n = 1 state of hydrogen and the n = 1/integer states of hydrogen are nonradiative, but a transition between two nonradiative states, say n = 1 to n = 1/2, is possible via a nonradiative energy transfer. Thus a catalyst provides a net positive enthalpy of reaction of m ⋅ 27.2 eV (i.e., it resonantly accepts the nonradiative energy transfer from hydrogen atoms and releases the energy to the surroundings to effect electronic transitions to fractional quantum energy levels). As a consequence of the nonradiative energy transfer, the hydrogen atom becomes unstable and emits further energy until it achieves a lower-energy nonradiative state with a principal energy level given by (14a) and (14c). The predicted emission was recently reported. (53) Extreme ultraviolet (EUV) spectroscopy was recorded on microwave discharges of helium with 2% hydrogen. Novel emission lines were observed with energies of q ⋅ 13.6 eV, where q = 1, 2, 3, 4, 6, 7, 8, 9, 11 or these discrete energies less 21.2 eV corresponding to inelastic scattering of these photons by helium atoms due to excitation of He (1s 2 ) to He (1s 1 2p 1 ). These lines matched H(1/p), fractional Rydberg states of atomic hydrogen, formed by a resonant nonradiative energy transfer to He + . Substantial experimental evidence exists that supports the existence of this novel hydrogen chemistry and its applications, such as EUV spectroscopy, (49) (50) (51) (52) (53) (54) (55) (56) (57) (58) (61) (62) (63) (64) (65) 67) characteristic emission from catalysts and the hydride ion products, (50, 51, (56) (57) (58) 63, 64, 67) lower-energy hydrogen emission, (53) (54) (55) (56) 65) chemically formed plasmas, (49) (50) (51) (52) 57, 58, (61) (62) (63) (64) 67) extraordinary (> 100 eV) Balmer α line broadening, (49) (50) (51) 53, 54, 57, 59, 60, (63) (64) (65) population inversion of H lines, (57, 63, 64) elevated electron temperature, (53, 59, 60, 65) anomalous plasma afterglow duration, (61, 62) power generation, (54, 56, (65) (66) (67) and analysis of novel chemical compounds. (67) (68) (69) (70) (71) H(1/p) reacts with an electron to form the corresponding hydride ion H -(1/p). It was reported previously (57, 67) that the predicted spectral emission and nuclear magnetic resonance (NMR) shifts matched theoretical predictions. The possibility of states with n = 1/p is also predicted in the case of hydrogen molecular species, where H(1/p) reacts with a proton or two H(1/p) atoms react to form H 2 + (1/p) and H 2 (1/p), respectively. The natural molecular hydrogen coordinate system based on symmetry after that used by James and Coolidge, (16) Kolos and Wolniewicz, (15) and others (10) is ellipsoidal coordinates. The magnitude of the central field in the derivations of molecular hydrogen species is taken as the general parameter p, where p may be an integer that may predict new possibilities. Thus p replaces the effective nuclear charge of QM and corresponds to the physical field of a resonant photon superimposed with the field of the proton. The case with p = 1 is evaluated and compared with the experimental results for hydrogen species in Sections 5 and 6, and the predictions for p = integer species are made.
HYDROGEN-TYPE MOLECULAR IONS
Each hydrogen-type molecular ion comprises two protons and an electron, where the equation of motion of the electron is determined by the central field, which is p times that of a proton at each focus (p is one for the hydrogen molecular ion, and p is an integer greater than one for each H 2 + (1/p), called a dihydrino molecular ion). The differential equations of motion in the case of a central field are
The second or transverse equation, (16) , gives the result that the angular momentum is constant:
where L is the angular momentum ( in the case of the electron). The central force equations can be transformed into an orbital equation by the substitution u = 1/r. The differential equation of the orbit of a particle moving under a central force is
Because the angular momentum is constant, motion in only one plane need be considered; thus the orbital equation is given in polar coordinates. The solution of (18) for an inverse-squared force
where e is the eccentricity of the ellipse and A is a constant. The equation of motion due to a central force can also be expressed in terms of the energies of the orbit. The square of the speed in polar coordinates is
Since a central force is conservative, the total energy E is equal to the sum of the kinetic energy T and the potential energy V and is constant. The total energy is
Substitution of the variable u = 1/r and (17) into (24) gives the orbital energy equation
Because the potential energy function V(r) for an inverse-squared force field is
the energy equation of the orbit, (25), becomes
which has the solution
where the eccentricity e is
Equation (29) permits the classification of the orbits according to the total energy E as follows:
for closed orbits (ellipse or circle),
for parabolic orbits, and
for hyperbolic orbits. Since E = T + V and is constant, the closed orbits are those for which T < |V|, and the open orbits are those for which T ≥ |V|. It can be shown that the time average T of the kinetic energy for elliptic motion in an inverse-squared field is half that of the magnitude of the time average |V| of the potential energy: T = |V| /2. As demonstrated in the One Electron Atom section of Ref. 5, the electric inverse-squared force is conservative; thus the angular momentum of the electron and the energy of atomic orbitals called "orbitspheres" are constant. In addition, the orbitspheres are nonradiative when the boundary condition is met.
The central force equation (24) has orbital solutions that are circular, elliptic, parabolic, or hyperbolic. The former two types of solutions are associated with atomic orbitals and MOs. These solutions are nonradiative. The boundary condition for nonradiation given in the One Electron Atom section of Ref. 
where the area of an ellipse is
where b is the length of the semiminor axis and a is the length of the semimajor axis. 4 The geometry of molecular hydrogen is ellipsoidal, with the internuclear axis as the principal axis; thus the electron orbital is a two-dimensional ellipsoidal time-harmonic function. The mass follows geodesics timeharmonically, as determined by the central field of the protons at the foci. Rotational symmetry about the internuclear axis further determines that the orbital is a prolate spheroid. In general, ellipsoidal orbits of molecular bonding, hereafter referred to as ellipsoidal MOs, have the general equation 1.
The semiprincipal axes of the ellipsoid are a, b, and c. In ellipsoidal coordinates the Laplacian is
An ellipsoidal MO is equivalent to a charged perfect conductor (i.e., no dissipation to current flow) whose surface is given by (36) . It is a two-dimensional equipotential membrane, where each MO is supported by the outward centrifugal force due to the corresponding angular velocity, which conserves its angular momentum of . It satisfies the boundary conditions for a discontinuity of charge in Maxwell's equations (12) . It carries a total charge q, and its potential is a solution of the Laplacian in ellipsoidal coordinates (37) . Excited states of orbitspheres are discussed in the Excited States of the One Electron Atom (Quantization) section of Ref. 5 . In the case of ellipsoidal MOs, excited electronic states are created when photons of discrete frequencies are trapped in the ellipsoidal resonator cavity of the MO. The photon changes the effective charge at the MO surface where the central field is ellipsoidal and arises from the protons and the effective charge of the trapped photon at the foci of the MO. Force balance is achieved at a series of ellipsoidal equipotential two-dimensional surfaces confocal with the ground-state ellipsoid. The "trapped photons" are solutions of the Laplacian in ellipsoidal coordinates (37) .
As is the case with the orbitsphere, higher and lower energy states are equally valid. The photon standing wave in both cases is a solution of the Laplacian in ellipsoidal coordinates. For an ellipsoidal resonator cavity the relationship between an allowed circumference 4aE and the photon standing wave-
where n is an integer and where
is used in the elliptic integral E of (38) . Applying (38) and (39), the relationship between an allowed angular frequency given by (34) and the photon standing wave angular frequency ω is 
where n = 1, 2, 3, 4, …, n = 1/2, 1/3, 1/4, …, ω 1 is the allowed angular frequency for n = 1, and a 1 and b 1 are the allowed semimajor and semiminor axes for n = 1.
The potential φ and distribution of charge σ over the conducting surface of an ellipsoidal MO are sought given the following conditions: (1) the potential is equivalent to that of a charged ellipsoidal conductor whose surface is given by (36) , (2) it carries a total charge q, and (3) initially there is no external applied field. To solve this problem, a potential function must be found that satisfies (37) , which is regular at infinity, and that is constant over the given ellipsoid. The solution is well known and is given after Stratton. 
which on integration leads to
where C 1 is an arbitrary constant. The upper limit is selected to ensure the proper behavior at infinity.
When ξ becomes very large, R ξ approaches ξ 3/2 and
Furthermore, the equation of an ellipsoid can be written in the form 
If r 2 = x 2 + y 2 + z 2 is the distance from the origin to any point on the ellipsoid ξ, it is apparent that as ξ becomes very large, ξ → r 2 . Thus, at great distances from the origin, the potential becomes that of a point charge at the origin:
The solution (32) is, therefore, regular at infinity, and the constant C 1 is then determined. It has been shown by Stratton (73) that whatever the distribution, the dominant term of the expansion at remote points is the potential of a point charge at the origin equal to the total charge of the distribution -in this case q. Hence C 1 = q/(8πε 0 ), and the potential at any point is
The equipotential surfaces are the ellipsoids ξ = constant. Equation (46) is an elliptic integral and its values have been tabulated. (74) Since the distance along a curvilinear coordinate u 1 is measured not by du 1 but by h 1 du 1 , the normal derivative in ellipsoidal coordinates is given by
The density of charge σ over the surface ξ = 0 is ζη ξ
Consequently, the charge density in rectangular coordinates is 
(The mass-density function of an MO is equivalent to its charge-density function, where m replaces q of (51) .) The equation of the plane tangent to the ellipsoid at the point x 0 , y 0 , z 0 is
where X, Y, and Z are running coordinates in the plane. After we divide through by the square root of the sum of the squares of the coefficients of X, Y, and Z, the right member is the distance D from the origin to the tangent plane. That is, 
so that
In other words, the surface density at any point on a charged ellipsoidal conductor is proportional to the perpendicular distance from the center of the ellipsoid to the plane tangent to the ellipsoid at the point. The charge is thus greater on the more sharply rounded ends farther away from the origin. In the case of hydrogen-type molecules and molecular ions, rotational symmetry about the internuclear axis requires that two of the axes be equal. Thus the MO is a spheroid, and (46) 
where the charge density ρ inside the MO is zero.
Gauss's law at a two-dimensional surface with continuity of the potential across the surface according to Faraday's law in the electrostatic limit (43) (44) (45) is
E 2 , the electric field inside, is zero. The electric field of an ellipsoidal MO is given by substituting σ given by (47) and (49) into (57):
Similarly, the electric field of the protons 
From (40) the magnitude of the ellipsoidal field corresponding to a below "ground state" hydrogentype molecular ion is an integer. The integer is one in . Prolate spheroid parameters of molecules and molecular ions, where a is the semimajor axis, 2a is the total length of the molecule or molecular ion along the principal axis, b = c is the semiminor axis, 2b = 2c is the total width of the molecule or molecular ion along the minor axis, c′ is the distance from the origin to a focus (nucleus), and 2c′ is the internuclear distance. The protons are at the foci. the case of the hydrogen molecular ion and an integer greater than one in the case of each dihydrino molecular ion. The central electric force F e from the two protons is 
where p is one for the hydrogen molecular ion, and p is an integer greater than one for each dihydrino molecule and molecular ion.
Centrifugal Force
Each point or coordinate position on the continuous two-dimensional electron MO defines an infinitesimal mass-density element that moves along a geodesic orbit of a spheroidal MO in such a way that its eccentric angle θ changes at a constant rate. That is, θ = ωt at time t, where ω is a constant, and
is the parametric equation of the ellipse of the geodesic. If a(t) denotes the acceleration vector, then
In other words, the acceleration is centripetal, as in the case of circular motion with constant angular
Recall that nonradiation results when ω = constant given by (40) . Substitution of ω given by (40) into (63) gives 2 2 2 ( ). 
The centrifugal force in the direction of the electric force, perpendicular to the MO, is given by the projection onto i ξ :
where D is the distance from the origin to the tangent plane, as given by (53) . Thus the centripetal force to balance the electric force given by 
has an equivalent dependence as the electric force based on the charge distribution (54).
Force Balance of Hydrogen-Type Molecular Ions
The force balance between the electric and centrifugal forces is 
which has the parametric solution given by (61) when
Energies of Hydrogen-Type Molecular Ions
From (40), the magnitude of the ellipsoidal field corresponding to a below ground state hydrogen-type molecule is an integer p. The potential energy V e of the electron MO in the field of magnitude p times that of the protons at the foci (ξ = 0) is 
2c′ is the distance between the foci, which is the internuclear distance. The kinetic energy T of the electron MO is given by the integral of the left side of (67): 
From the orbital equations in polar coordinates, (20)- (22), the following relationship can be derived: 
As shown in Ref. 5 , b of polar coordinates with respect to each focus corresponds to c′ = (a 2 -b 2 ) 1/2 of ellipsoidal coordinates, and k of polar coordinates with one attracting focus is replaced by 2k of ellipsoidal coordinates with two attracting foci. In ellipsoidal coordinates k is given by (58) and (60) 
The eccentricity e is . c e a
Substitution of a = 2a 0 /p and c′ = a 0 /p into (80) gives
The potential energy V p due to proton-proton repulsion in the field of magnitude p times that of the protons at the foci (ξ = 0) is 
The total energy E T is given by the sum of the energy terms:
.
Substitution of a and b given by (68) and (79), respectively, into (69), (71), (82) , and (83) gives 
The protons of hydrogen-type molecular ions and molecules oscillate as simple harmonic oscillators; thus vibrating protons will radiate. Moreover, nonoscillating protons may be excited by one or more photons that are resonant with the oscillatory resonance frequency of the molecule or molecular ion, and oscillating protons may be further excited to higher-energy vibrational states by resonant photons. The energy of a photon is quantized according to Planck's equation
The energy of a vibrational transition corresponds to the energy difference between the initial and final vibrational states. Each state has an electromechanical resonance frequency, and the emitted or absorbed photon is resonant with the difference in frequencies. Thus, as a general principle, quantization of the vibrational spectrum is due to the quantized energies of photons and the electromechanical resonance of the vibrationally excited ion or molecule. It is shown by Fowles 
Substitution of (90) into (91) gives
For a circular orbit, r is a constant and r = 0. Thus the radial equation of motion is given by
where a is the radius of the circular orbit for central force f(a) at r = a. A perturbation of the radial motion may be expressed in terms of a variable x defined by . x r a = −
The differential equation can then be written as
Expanding the two terms involving x + a as a power series in x gives 
Substitution of (93) into (96) and neglecting terms involving x 2 and higher powers of x gives
For an inverse-squared central field the coefficient of x in (97) is positive, and the equation is the same as that of the simple harmonic oscillator. In this case, the particle, if perturbed, oscillates harmonically about the circle r = a, and an approximation of the angular frequency of this oscillation is
An apsis is a point in an orbit at which the radius vector assumes an extreme value (maximum or minimum). The angle swept out by the radius vector between two consecutive apsides is called the apsidal angle. Thus the apsidal angle is π for elliptic orbits under the inverse-squared law of force. In the case of a nearly circular orbit, (97) shows that r oscillates about the circle r = a, and the period of oscillation is given by 
The apsidal angle is independent of the size of the orbit in this case. The orbit is reentrant, or repetitive, in the case of the inverse-squared law (n = -2) for which ψ = π.
A prolate spheroid MO and the definition of axes are shown in Figs. 2a and 2b , respectively. Consider the two nuclei A and B, each at a focus of the prolate spheroid MO. From (67), (69), and (71), the attractive force between the electron and each nucleus at a focus is 
In addition to the attractive force between the electron and the nuclei, there is a repulsive force between the two nuclei that is the source of a corresponding reactive force on the reentrant electron orbit. Consider an elliptic geodesic of the MO in the xy plane with a nucleus A at (-c′, 0) and a nucleus B at (c′, 0). For B acting as the attractive focus, the reactive repulsive force at the point (a, 0), the positive semimajor axis, depends on the distance from (a, 0) to nucleus A at (−c′, 0) (i.e., the distance from the position of the electron MO at the semimajor axis to the opposite nuclear repelling center at the opposite focus). The distance is given by the sum of the semimajor axis a and c′, half the internuclear distance. The contribution from the repulsive force between the two protons is 
where the semimajor axis is a = 2a H /p according to (68) and we have c′ = a H /p according to (77).
In the case of a hydrogen molecule or molecular ion, the electrons that have a mass of 1/1836 that of the protons move essentially instantaneously, and the charge density is that of a continuous membrane. Thus a stable electron orbit is maintained with oscillatory motion of the protons. Hydrogen molecules and molecular ions are symmetrical along the semimajor axis; thus the oscillatory motion of protons is along this axis. Let x be the increase in the semimajor axis due to the reentrant orbit with a corresponding displacement of the protons along the semimajor axis from the position of the initial foci of the stationary state. The equation of proton motion due to the perturbation of an orbit with an inverse-squared central force (72) and neglecting terms involving 
For a symmetrical displacement x the potential energy E Pvib corresponding to the oscillation is given by
The total energy E Totalvib of the oscillating molecular ion is given as the sum of the kinetic and potential energies:
The velocity is zero when x is the maximum amplitude A. The total energy E Totalvib of the oscillating molecular ion is then given as the potential energy with x = A: 5 ). The energy of the photon necessary to excite the equivalent transition in an electron orbitsphere is half the excitation energy of the stationary cavity because the change in kinetic energy of the electron orbitsphere supplies half the necessary energy. The change in the angular frequency of the orbitsphere during a transition and the angular frequency of the photon corresponding to the superposition of the free-space photon and the photon corresponding to the kinetic energy change of the orbitsphere during a transition are equivalent. The correspondence principle holds. It can be demonstrated that the resonance condition between these frequencies is to be satisfied in order to have a net change of the energy field. (27) The bound electrons are excited with the oscillating protons. Thus the mechanical resonance frequency ω 0 is only half that of the electromechanical frequency, which is equal to the angular frequency ω of the free-space photon, which excites the vibrational mode of the hydrogen molecule or hydrogen molecular ion. The vibrational energy E vib corresponding to the photon is given by 
Since the protons and electron are not fixed, but vibrate about the center of mass, the maximum amplitude is given by the reduced amplitude A reduced : 
where υ is the vibrational quantum number.
A harmonic oscillator is a linear system as given by (108). In this case, the predicted resonant vibrational frequencies and energies, spring constants, and amplitudes for H 2 + (1/p) for vibrational transitions to higher energy υ i → υ f are given by (υ f -υ i ) times the corresponding parameters given by (122) and (124) 
The vibrational energies of successive states are given by (129) and (137)-(138).
The Doppler Energy Term of Hydrogen-Type Molecular Ions
As shown in Section 3.4, the electron orbiting the nuclei at the foci of an ellipse may be perturbed such that a stable reentrant orbit is established that gives rise to a vibrational state corresponding to timeharmonic oscillation of the nuclei and electron. The perturbation is caused by a photon that is resonant with the frequency of oscillation of the nuclei where the radiation is electric dipole with the corresponding selection rules.
Oscillation may also occur in the transition state. The perturbation arises from the decrease in internuclear distance as the molecular bond forms. Relative to the unperturbed case given in Section 3.2, the reentrant orbit may give rise to a decrease in the total energy while providing a transient kinetic energy to the vibrating nuclei. However, as an additional condition for stability, radiation must be considered. Regarding the potential for radiation, the nuclei may be considered point charges. A point charge undergoing periodic motion accelerates and as a consequence radiates according to the Larmor formula (cgs units):
where e is the charge and v is its acceleration, and c is the speed of light. The radiation has a corresponding force that can be determined based on conservation of energy with radiation. The radiation reaction force F rad given by Jackson ,
where E R is the recoil energy that arises from the photon's linear momentum given by Eqn. (2.141) of Ref.
5, E K is the vibrational kinetic energy of the reentrant orbit in the transition state, and M is the mass of the electron m e . As given in Section 3.4, for an inverse-squared central field, the coefficient of x in (97) is positive, and the equation is the same as that of the simple harmonic oscillator. Since the electron of the hydrogen molecular ion is perturbed as the internuclear separation decreases with bond formation, it oscillates harmonically about the semimajor axis given by (68) , and an approximation of the angular frequency of this oscillation is
( ) ( ) .
e e f a f a k a m m
From (67), (69), and (71), the central force terms between the electron MO and the two protons are 
where the semimajor axis is a = 2a H /p, according to (68) , including the reduced electron mass. The kinetic energy E K is given by Planck's equation (89) 
The total energy of the molecular ion is decreased by
In addition to the electron, the nuclei also undergo simple harmonic oscillation in the transition state at their corresponding frequency given in Section 3.4. On average, the total energy of vibration is equally distributed between kinetic energy and potential energy.
(79) Thus the average kinetic energy of vibration Kvib E corresponding to the Doppler energy of the electrons is half the vibrational energy of the molecular ion given by (125). The decrease in the energy of the hydrogen molecular ion due to the reentrant orbit in the transition state corresponding to simple harmonic oscillation of the electron and nuclei, osc E , is given by the sum of the corresponding energies D E and Kvib E . Using (149) and E vib from (125) gives 
To the extent that the MO dimensions are the same, the electron reentrant orbital energies K E are the same, independent of the isotope of hydrogen, but the vibrational energies are related by (110). Thus the differences in bond energies are essentially given by half the differences in vibrational energies. Using (149) with the deuterium reduced electron mass for E T 
Total (Ionization) and Bond Energies of Hydrogen and Deuterium Molecular Ions
The total energy of the hydrogen molecular ion, which is equivalent to the negative of the ionization energy, is given by the sum of E T ( (83) 
The total energy of the deuterium molecular ion is given by the sum of E T (87) corrected for the reduced electron mass of D and osc E given by (152): 
The bond-dissociation energy E D is the difference between the total energy of the corresponding hydrogen atom or H(1/p) atom, (37, 48) called the hydrino atom, with a principal quantum number 1/p, where p is an integer, and E T : 
HYDROGEN-TYPE MOLECULES 4.1 Force Balance of Hydrogen-Type Molecules
Hydrogen-type molecules comprise two indistinguishable electrons bound by an ellipsoidal field. Each electron experiences a centrifugal force, and the balancing centripetal force (on each electron) is produced by the electric force between the electron and the ellipsoidal electric field and the radiationreaction-type magnetic force between the two electrons, causing the electrons to pair. Substitution of (164) into (76) gives
Substitution of (164)- (165) into (78) gives
Substitution of (164)- (165) into (80) gives
The internuclear distance given by multiplying (165) by two is a 0 (2 1/2 )/p.
Energies of Hydrogen-Type Molecules
The energy components defined previously for the molecular ion, (69) , (71), (82) , and (83), apply in the case of the corresponding molecule. And each molecular energy component is given by the integral of corresponding force in (162), (5) where each energy component is the total for the two equivalent electrons. The parameters a and b are given by (164) and (166), respectively: 
The energy V m corresponding to the magnetic force of (162) is 
Vibration of Hydrogen-Type Molecules
The vibrational energy levels of hydrogen-type molecules may be solved in the same manner as hydrogen-type molecular ions given in Section 3.4. The corresponding central force terms of (98) are The distance for the reactive nuclear-repulsive terms is given by the sum of the semimajor axis a and c′, half the internuclear distance. The contribution from the repulsive force between the two protons is 
Thus, from (98) and (174)- (177), the angular frequency of the oscillation is The spring constant and vibrational frequency for the formed molecule are then obtained from (98) and (174)- (183) 
The Doppler Energy Term of Hydrogen-Type Molecules
The radiation reaction force in the case of the vibration of the molecule in the transition state also corresponds to the Doppler energy E D given by (143) that depends on the motion of the electrons and the nuclei. Here a nonradiative state must also be achieved after the emission due to transient vibration, where the nonradiative condition given by (34) must be satisfied. Typically, a third body is required to form hydrogen-type molecules. For example, the exothermic chemical reaction of H + H to form H 2 does not occur with the emission of a photon. Rather, the reaction requires a collision with a third body M to remove the bond energy: H + H + M → H 2 + M*. (46) The third body distributes the energy from the exothermic reaction, and the end result is the H 2 molecule and an increase in the temperature of the system. Thus a third body removes the energy corresponding to the additional force term given by (142). From (162), (168), and (170), the central force terms between the electron MO and the two protons are In (143), substitution of the total energy E T of the hydrogen molecule (173) for E hν , the mass of the electron m e for M, and the kinetic energy given by (195) for K E gives the Doppler energy of the electrons for the reentrant orbit: In addition to the electrons, the nuclei also undergo simple harmonic oscillation in the transition state at their corresponding frequency given in Section 4.3. On average, the total energy of vibration is equally distributed between kinetic energy and potential energy.
( To the extent that the MO dimensions are the same, the electron reentrant orbital energies K E are the same independent of the isotope of hydrogen, but the vibrational energies are related by (110). Thus the differences in bond energies are essentially given by half the differences in vibrational energies. Using (196) and E vib for D 2 (1/p) given by (188) that corresponds to the deuterium reduced nuclear mass (132), the corresponding osc E is is given by the difference of (155) and (202) 
The second ionization energy IP 2 is given by the negative of (155): 
The first ionization energy IP 1 of the deuterium molecule,
is given by the difference of (156) and (203): 
The second ionization energy IP 2 is given by the negative of (156): The bond-dissociation energy E D is the difference between the total energy of the corresponding hydrogen atoms and E T :
where
and (37) 2 (2D(1/ )) 27.206 eV.
The hydrogen bond energy E D is given by (210)- (211) and (202) 
THE HYDROGEN MOLECULAR ION 5.1 Force Balance of the Hydrogen Molecular Ion
The force balance between the electric and centrifugal forces is given by (67) , where p = 1: 
The semimajor axis a is also given by (68) , where p = 1. The internuclear distance 2c′, which is the distance between the foci, is given by (77), where p = 1:
The experimental internuclear distance is 2a 0 . The semiminor axis is given by (79), where p = 1:
The eccentricity e is given by (81):
Energies of the Hydrogen Molecular Ion
The potential energy V e of the electron MO in the field of the protons at the foci (ξ = 0) is given by (69) , where p = 1: 
The bond-dissociation energy E D is the difference between the total energy of the corresponding hydrogen atom and E T . The hydrogen molecular ion bond energy E D , including the reduced electron mass given by (160), where p = 1, is 2.535 eV 0.118 755 eV 2.654 eV.
The experimental bond energy of the hydrogen molecular ion (19) is 2.651 eV.
From (161), where p = 1, the deuterium molecular ion bond energy E D , including the reduced electron mass of D, is 2.5770 eV 0.118 811 eV 2.6958 eV.
The experimental bond energy of the deuterium molecular ion (80) is 2.691 eV.
Vibration of the Hydrogen Molecular Ion
It can be shown that a perturbation of the orbit determined by an inverse-squared force results in simple harmonic oscillatory motion of the orbit. 
The experimental anharmonicity term of D 2 + for the state X 
The semimajor axis a is also given by (164), where p = 1. The internuclear distance 2c′, which is the distance between the foci, is given by (165), where p = 1:
The experimental internuclear distance is (2 1/2 )a 0 . The semiminor axis is given by (166), where p = 1:
The eccentricity e is given by (167):
The finite dimensions of the hydrogen molecule are evident in the plateau of the resistivity versus pressure curve of metallic hydrogen.
Energies of the Hydrogen Molecule
The energies of the hydrogen molecule are given by (168)-(171), where p = 1: 
The first ionization energies IP 1 of the hydrogen and deuterium molecules ( (204) and (207)) are given by the differences in the total energy of corresponding molecular ions and molecules, which are given by (205) and (208), respectively, where p = 1: 
The experimental bond energy of the deuterium molecule (19) is 4.556 eV.
Vibration of the Hydrogen Molecule
The results of the determination of the bond, vibrational, total, and ionization energies, and internuclear distances for hydrogen and deuterium molecules and molecular ions, are given in Table I . The calculated results are based on first principles and given in closed-form equations containing fundamental constants only. The agreement between the experimental and calculated results is excellent. a The experimental total energy of the hydrogen molecule is given by adding the first (15.425 93 eV) (81) and second (16.2494 eV) ionization energies, where the second ionization energy is given by the addition of the ionization energy of the hydrogen atom (13.598 44 eV) (47) and the bond energy of H 2 + (2.651 eV). (19) b The experimental total energy of the deuterium molecule is given by adding the first (15.466 eV) (80) and second (16.294 eV) ionization energies, where the second ionization energy is given by the addition of the ionization energy of the deuterium atom (13.603 eV) (37) and the bond energy of D 2 + (2.692 eV). (80) c The experimental second ionization energy IP 2 of the hydrogen molecule is given by the sum of the ionization energy of the hydrogen atom (13.598 44 eV) (47) and the bond energy of H 2 + (2.651 eV). (19) d The experimental second ionization energy IP 2 of the deuterium molecule is given by the sum of the ionization energy of the deuterium atom (13.603 eV) (37) and the bond energy of D 2 + (2.692 eV). (80) e Not corrected for the slight reduction in internuclear distance due to osc E .
DIATOMIC MOLECULAR ROTATION
where J is an integer. For (278), J = 0 corresponds to rotation about the z axis, where the internuclear axis is along the y axis, and J ≠ 0 corresponds to a linear combination of rotations about the z and x axes. 
Thus the selection rule for rotational transitions is
In addition, the molecule must possess a permanent dipole moment. In the case of absorption of electromagnetic radiation, the molecule goes from a state with a quantum number J to one with a quantum number J + 1. Using (278), the energy difference is
From (286) 
The experimental value is (19) 0.007 39 eV. E ∆ = (288)
Diatomic Molecular Rotation of HydrogenType Molecules
The moment of inertia of hydrogen-type molecules is given by substitution of the reduced mass, (284), for µ of (279) and substitution of the internuclear distance, two times (165), for r of (279):
where p is an integer that corresponds to H 2 (1/p), and n = 1/p, the fractional quantum number of the hydrogen-type molecule. Using (283) and (289), the rotational energy absorbed by a hydrogen-type molecule with the transition from the state with the rotational quantum number J to one with the rotational quantum number J + 1 is 
The experimental value is (19) 0.015 09 eV.
NMR SHIFT
The proton gyromagnetic ratio is 1 / 2 42.576 02 MHz .
The NMR frequency f is the product of the proton gyromagnetic ratio given by (293) and the magnetic flux B:
A typical flux for a superconducting NMR magnet is 1.5 T. According to (294), this corresponds to a radio frequency (RF) of 63.864 03 MHz. With a constant magnetic field, the frequency is scanned to yield the spectrum, where the scan is typically achieved using a Fourier transform on the free induction decay signal following an RF pulse. Or, in a less common type of NMR spectrometer, the RF is held constant (e.g., 60 MHz), the applied magnetic field H 0 (H 0 = B/µ 0 ) is varied over a small range, and the frequency of energy absorption is recorded at the various values for H 0 . The spectrum is typically scanned and displayed as a function of increasing H 0 . The protons that absorb energy at a lower H 0 give rise to a downfield absorption peak, whereas the protons that absorb energy at a higher H 0 give rise to an upfield absorption peak. In the case that the chemical environment has an NMR effect, a different value of H 0 is required for resonance. This chemical shift is proportional to the electronic magnetic flux change at the nucleus due to the applied field, which in the case of each dihydrino molecule is a function of its semimajor and semiminor axes, as shown below.
Consider the application of a z axis directed uniform external magnetic flux B z to a dihydrino molecule comprising prolate spheroidal electron MOs with two spin-paired electrons. The diamagnetic reaction current increases or decreases the MO current to counteract any applied flux according to Lenz's law. The current of hydrogen-type molecules is along the elliptical orbits parallel to the semimajor axis. Thus the nuclei are NMR active toward B z when the orientation of the semimajor axis a is along the x axis, and the semiminor axes b = c are along the y axis and z axis, respectively. The flux is applied over the time interval ∆t = t i -t f such that the field increases at a rate dB/dt. The electric field E along a perpendicular elliptical path of the dihydrino MO at the plane z = 0 is given by
The induced electric field must be constant along the path; otherwise, compensating currents would flow until the electric field was constant. Thus (296) becomes
where E(k) is the elliptic integral given by 
The average current I of a charge moving timeharmonically along an ellipse is , 4 ( )
where f is the frequency. The corresponding magnetic moment is given by
Thus, from (304) and (306), the change in the magnetic moment ∆m due to an applied magnetic flux B is 
Then the integral to correct for the z dependence of b′ is
where the semiminor axis b = a 0 /[p(2 1/2 )] given by (166) was used.
The change in magnetic moment would be given by the substitution of (318) into (317) if the charge density were constant along the path of (297) and (305), but it is not. The charge density of the MO in rectangular coordinates (51) 1,
In other words, the surface density at any point on a the ellipsoidal MO is proportional to the perpendicular distance from the center of the ellipsoid to the plane tangent to the ellipsoid at the point. The charge is thus greater on the more sharply rounded ends farther away from the origin. In order to maintain current continuity, the diamagnetic velocity of (304) must be a constant along any given path integral corresponding to a constant electric field. Consequently, the charge density must be the minimum value of that given by (319). The minimum corresponds to y = b and x = z = 0 such that the charge density is 
The MO is an equipotential surface, and the current must be continuous over the two-dimensional surface. Continuity of the surface current density K due to the diamagnetic effect of the applied magnetic field on the MO and the equipotential boundary condition require that the current of each elliptical curve determined by the intersection of the plane z = z′ (-b ≤ z′ ≤ b) with the spheroid be the same. The charge density is spheroidally symmetrical about the semimajor axis. Thus λ, the charge density per unit length along each elliptical path cross section of (310), is given by distributing the surface charge density of (323) 
And the linear charge density must be equally distributed over each elliptical path cross section corre-sponding to each plane z = z′. where e is the charge. Substitution of (330) Specifically, the change in magnetic flux ∆B at the nucleus due to the change in magnetic moment ∆m is
where µ 0 is the permeability of vacuum,
is an elliptic integral of the second kind given by Whittaker and Watson, (88) 
The evaluation at the limits of the first integral is 
Combining (340) and (342) gives 
From (351) 
The total shift ∆B T /B for H 2 (1/p) is given by the sum of that of H 2 given by (345) with p = 1 plus that given by (365): 
where p = integer > 1. H 2 has been characterized by gas phase 1 H NMR. The experimental absolute resonance shift of gasphase tetramethyl silane (TMS) relative to the proton's gyromagnetic frequency is -28.5 ppm.
(83) H 2 was observed at 0.48 ppm compared to gas phase TMS set at 0.00 ppm. (84) Thus the corresponding absolute H 2 gas-phase resonance shift of -28.0 ppm (-28.5 + 0.48 ppm) was in excellent agreement with the predicted absolute gas-phase shift of -28.01 ppm given by (345).
CONCLUSION
The quantum-mechanical theory of the nature of the chemical bond is based on phenomena that are "unique to quantum mechanics" and have no basis in experimental observation. The current methods of arriving at numbers that are meant to reproduce and possibly predict new experimental results on bonds and spectra can be classified as a plethora of curvefitting algorithms, often computer-programmed, that have no basis in reality and are not representative of the corresponding real molecules or molecular ions. Specifically, they all depend on the nonexistent, nonphysical "exchange integral" that is a consequence of a postulated linear combination of product wave-functions, where it is implicit that each point electron with infinite self-electric-and-magnetic-field energies must exist as a "probability-wave cloud" and be in two places at the same time (i.e., centered on two nuclei simultaneously!). The exchange integral is a spooky action phenomenon that violates Einstein causality. A further nonphysical aspect is that the molecular solution is obtained without considering the nuclei to move under the Born-Oppenheimer approximation; yet the molecule must have a further nonphysical perpetual-motion-type property of ZPV. Additional internal inconsistencies arise. The electron clouds mutually shield the nuclear charge to provide an adjustable parameter, "effective nuclear charge," yet neither has any self-shielding effect even though the clouds are mutually indistinguishable and must classically result in a self-interaction instability. The corresponding self-interaction energy term and the equally large electron spin-pairing energy are conspicuously absent from the Hamiltonian. Instead, arbitrary types of variational parameters of the wavefunctions and mixing of wave-functions as well as other adjustable parameters are introduced to force the solutions of a multitude of methods to more closely approximate the experimental parameters. Yet the experimental bond energy is not calculated; rather a parameter D e is determined from which the ZPV is subtracted and an anharmonicity term in the ZPV is added to obtain the experimentally measurable bond energy D 0 .
ZPV, like the similar nonsensical prediction of QM, zero-point energy of the vacuum, has never been directly measured. Furthermore, ZPV violates the second law of thermodynamics, and it is in conflict with direct experimental results such as the formation of solid hydrogen and Bose-Einstein condensates of molecules. As a consequence, the bond-energy predictions of QM have never been tested experimentally, and it is not possible to state that the methods predict the experimental bond energy at all. The many conflicting attempts suffer from the same shortcomings that plague atomic quantum theory: infinities, instability with respect to radiation according to Maxwell's equations, violation of conservation of linear and angular momentum, lack of physical relativistic invariance, etc. From a physical perspective, the implication for the basis of the chemical bond according to QM being the exchange integral and the requirement of ZPV, "strictly quantummechanical phenomena," is that the theory cannot be a correct description of reality.
A proposed solution based on physical laws and fully compliant with Maxwell's equations solves the parameters of molecular ions and molecules of hydrogen isotopes from the Laplacian in ellipsoidal coordinates in closed-form equations with fundamental constants only. Table I show that hydrogen species can be solved in closed form with tremendous accuracy using first principles. The observed (k/µ) 1/2 dependency of vibrational energies on the isotope is obtained without the requirement of any imaginary (experimentally not observed) ZPV.
The results corresponding to the nature of the chemical bond match over 20 parameters of hydrogen molecular ions and molecules. Overall, the results are better than those given by current approaches, without the fabricated exchange integral, ZPV, anharmonicity term in the ZPV, renormalization, and effective nuclear charge, and the multitude of contradictory and nonunique approaches and solutions with variational and adjustable parameters and all types of violations of first principles. Such a classical solution was deemed to be impossible according to QM since the molecule is not supposed to obey physical laws -"it was impossible to explain why two hydrogen atoms come together to form a stable chemical bond … the existence of the chemical bond is a quantum me-chanical effect." (10) Yet classical laws predict the current observations and also predict new forms of the hydrogen molecular ion and molecular hydrogen that were missed by QM. Remarkably, the predictions match recent experimental data. Additionally, the ground-state density ρ and the ground-state wave-function Ψ[ρ] of the more recent advancement, density functional theory, have some similarities with the equipotential, minimum energy, charge-density functions (MOs) of CQM. (92) (93) (94) Perhaps an opportunity exists to go beyond the nonphysical exchange integral, ZPV, adjustable parameters, and other "phenomena that are unique to quantum mechanics." The goal of developing curvefitting algorithms that simply generate good numbers may be replaced by an understanding of the physical nature of the chemical bond and derivations from first principles. With such an understanding, further accurate predictions can be anticipated.
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